Introduction
Materials of hydrophobic polymers such as polypropylene (PP), polyethylene and polyvinyl chloride) (PVC) are extensively used because of the excellent physical and chemical properties. However, their affinity for usual adhesives is very poor. Especially, PP products with a high crystallinity are very stable to usual chemical reagents. If their surface property is simply improved, their applications to composite materials will be developed. The photografting is well known as a convenient method for the surface treatment of many kinds of polymers. [ 1, 2] We investigated the photo-induced grafting of vinyl monomers onto cellulose fibers and obtained some techniques. [3, 4] However, they were not applied to PP. We found that the combination of the ozone treatment and UV irradiation was effective for the improvement of PP and PVC products. [5, 6] In this article, the grafting of one monomer or a mixture of two monomers to PP was studied and the dyeing property and the strength of the adhesive bonding of the products were examined.
Experimental Materials
Methyl methacrylate (MMA) , acrylamide (AAM) and solvents were purified by usual methods before use. Disperse dyes, Kayalon Polyester Blue 2R-SF of Nippon Kayaku Co. Ltd. and Dianix Red AC-E of Mitsubishi Kasei Co. Ltd., and an acid dye, Orange G of reagent grade (Wako Pure Chemical Industry Ltd.) and the other dyes were dried in vacuum and used without further purifications. Plain wave PP fabrics of Mitsubishi Rayon Co. Ltd. in which each yarn contains 15 filaments of 50d was used after washing with toluene and methanol. Usual aluminium plates of 0.2 mm thickness were used after washing with water and methanol in the test of adhesive bonding. Ozone Treatment A Nippon Ozone ON-1-2 ozonizer was employed for the preparation of ozone using oxygen gas. The PP fibers were exposed to ozone for a given time at the evolution rate of ozone, 100 ml/ min. Grafting Ozone-treated PP fibers were put into an Erlenmeyer flask containing each of MMA solution in methanol, AAM solution in the mixture of water-methanol, and AAM-MMA solution in the mixture of water-methanol. The UV light of a Toshiba H400P high pressure mercury lamp was irradiated through the bottom of the flask. The distance between the bottom of the flask and the lamp was 155 mm. A Corning CS-7-51 filter was used and the irradiation time was mainly 2-3 h. Grafting % was calculated after removal of homopolymer. Analyses and Properties of Treated PP IR was recorded by a diffusion reflection method using a Shimadzu FTIR 8500. The amount of hydroperoxyl groups introduced to PP was determined by the iodometry.
Tensile strength of treated yarns was measured by an Imada SV-55-0-20-M tester; full scale: 0-20 kg, tensile rate: 20 mmlmin, specimen length : 48 mm, and length of the part pinched by clamps: 10 mm from both edges of the specimen.
Dyeing was carried out by the usual method using the dyes mentioned above.
Peeling strength of the adhesive bonding of treated fibers to aluminium plates was measured by the tester mentioned above. An adhesive of cyano acrylate polymer (Aron-alpha) and that of epoxy resin and polythiol of Konishi Co. Ltd. were used. Treated fabrics of 5 mm width and 35 mm length which contain 18 yarns along the length were bonded to aluminium plates with a given amount of the adhesives under definite conditions. The adhesive area was 50 mm2.
Results and Discussion
, Oxidation of PP Hydroperoxyl groups (-O-OH) were considered to be mainly produced on the surface of PP materials through the ozone treatment. [7] The extent of the oxidation was observed by the IR spectroscopy. [5] The weight of PP fibers increased with the treatment time, which seems to be caused by the introduction of oxygen atoms to PP. Fig. 1 gives the mole of hydroperoxyl groups per 1 g fiber and the weight increase in PP as a function of the treatment time with ozone. These two sets of values increased similarly to each other. We can assume the extent of the oxidation in the treatment for a short time, using this figure. As the tensile strength of PP decreased extremely after the long period of ozone treatment, the treatment within 1 h is preferable for the Fig. 1 here, CH2=CHX is a vinyl monomer and Y represents a certain atom or group. When the ozone treatment was carried out vigorously, the main chains of PP should be broken by the oxidation, which causes the decrease in the tensile strength of PP fibers. Various experimental conditions were examined to prepare the improved PP which has enough tensile strength, compared with the original PP. The PP fibers were treated with ozone for 20 min, and they were immersed in the AAM solution in the mixture of water-methanol. The UV irradiation to them was carried out for 3 h. The mixing ratio of reactants or solvents are PP lg, AAM 3.5g, methanol 7.5m1 and H2O 37.5 ml. The grafting % was 4 -5 %. The AAM grafted PP gave the improvement of the hydrophilic property to some extent. As a result, AAM grafted PP gave the dyeability with watersoluble dyes such as acid dyes, vat dyes and vegetable dyes.
Similar experiments were made with MMA. The PP fibers treated with ozone for 20 min were reacted with the MMA solution in methanol under the irradiation of UV light for 2 h; reactants: PP l g, MMA 0.5-2.0 ml, and methanol 8 -9.5 ml. It was found that the ratio of MMA (v/v) in the solution, l.5 was preferable and the immersion of PP in organic solvents before the reaction was effective for the grafting. Thus, the PP fibers with 10.8 % grafting was obtained. The tensile strength of this specimen was 5.47 g/d; that of the original, untreated PP was 5.40 g/d.
The mixture of AAM and MMA were reacted with the PP treated with ozone. The grafting % was in the range of 13 -23 %; the mixing ratio: PP lg, AAM 2.5g, MMA 3.75g, methanol 21.3 ml and H2O 26.7 ml. The molar fraction of MMA residues in the grafts was about 0.8. The averaged value of tensile strength of the treated PP was the same as the untreated PP. Thus, the grafting seemed to be accelerated by the existence of the two monomers.
Both of MMA grafted PP and MMA-AAM grafted PP gave a high dyeability to disperse dyes. Table 1 gives the dye uptake of Blue 2R-SF in untreated PP, polyethylene terephthalate (PET) and grafted PP. Here, high grafting % was obtained by changing the experimental conditions. The dye uptake of MMA-grafted PP increased steeply until 10 % grafting and became almost constant after 30 % grafting. This suggests that the dye is mainly adsorbed on the graft layer on the surface of PP. The effect of the grafting with the two monomers on the increase in the dye uptake is apparent. The graft layer of the PP surface should be made loosely by the random copolymerization of AAM and MMA, which made easy the diffusion of the dye into the graft layer. In addition, the mutual interaction of AAM and MMA residues is considered to promote the formation of bonding between the dye and the grafts.
Peeling strength of the adhesive bonding between PP and two adhesives is summarized in Table 2 . The grafting of these specimens are 10-20 %. The affinity of PP to the adhesives was improved well. Especially, AAM seemed effective to form the bonding to the epoxy resin because of the polarity.
Conclusion
The combination of two processes, oxidation and UV irradiation was very effective for the improvement of the surface property of PP by the grafting of vinyl monomers. The dyeing property and the strength of adhesive bonding were improved especially by the grafting with the mixture of two kinds of monomers.
The present techniques are expected to be applicable for not only PP but the other inert materials. 
